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Abstract of JP2001 056667 

PROBLEM TO BE SOLVED: To 
eliminate the adverse effect of 
characteristic fluctuation caused by 
polysilicon grain diameters and to 
reduce the fluctuation of the display 
surface. SOLUTION: The device has a 
second switching element M2 which is 
connected to a display element D1 
and directly drives the element D1 , a 
third switching element M3 which 
becomes in an active state by 
selection signals Sel and connects one 
of terminals to be controlled (drains) 
and a control terminal (a gate) of the 
element M2, and a first switching 
element M1 which becomes in an 
active state by the signal Sels and 
forms an electrically conductive path to 
provide driving signals to other 
terminals to be controlled (a drain) of 
the element M2. During a selecting 
period, the elements M2 and M3 form 
a self bias circuit. Moreover, a driving 
current storage means (a capacitive 
component C1 between the elements 
M1 and M2) is provided to give driving 
signals corresponding to driving 
current for the element M2, hold the 
signals as the operating voltage of the 
element M2 in accordance with the 
characteristic of the element M2 during 
a non-selecting period and drives the 
element D1. 
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Title of Invention: PICTURE DISPLAY DEVICE 

Abstract 

[Objective] 

An object of the present invention is to eliminate the adverse effect of 
characteristic fluctuation caused by poly-silicon grain diameters and to reduce the 
fluctuation of the display surface. 
[Aspect] 

A picture display device comprises a second switching element which is 
connected to a display element and directly drives the element; a third switching 
element which becomes in an active state by selection signals and connects one 
terminal to be controlled and a control terminal of said second switching element; a 
first switching element which becomes in an active state by the selection signals 
and forms an electrically conductive path to supply driving signals to another 
terminal to be controlled of said second switching element; and a driving current 
storage means for driving said display element, wherein a self bias circuit is formed 
with said second switching element and third switching element, which gives 
driving signals corresponding to driving current to the second switching element 
during a selecting period, and which holds the signals as an operating voltage of the 
second switching element in accordance with the characteristic of the second 
switching element during a non-selecting period. 
[Claims] 

[Claim 1] A picture display device comprising: 

a second switching element which is connected to a display element and 
directly drives the element; 
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a third switching element which becomes in an active state by selection 
signals and connects one terminal to be controlled and a control terminal of said 
second switching element; 

a first switching element which becomes in an active state by the selection 
signals and forms an electrically conductive path to supply driving signals to 
another terminal to be controlled of said second switching element; and 

a driving current storage means for driving said display element wherein a 
self bias circuit is formed with said second switching element and third switching 
element, which gives driving signals corresponding to driving current to the second 
switching element during a selecting period, and 

which holds the signals as an operating voltage of the second switching 
element in accordance with the characteristic of the second switching element 
during a non-selecting period. 

[Claim 2] The picture display device according to claim 1 wherein said display 
element is driven by the current, and emits in accordance with this driving current. 
[Claim 3] The picture display device according to claims 1 or 2 wherein said 
driving signals are supplied as current signals in accordance with driving current, 
and by giving the signals to a terminal to be controlled of the second switching 
element, a voltage value which is obtained by the I/V characteristic is held. 
[Claim 4] The picture display device according to any one of claims 1 to 3 wherein 
a fourth switching element which is connected to said light emitting element, 
becomes an inhibition state by selection signals, and connects said light emitting 
element and a power source during a non-selecting period is provided. 
[Claim 5] The picture display device according to any one of claims 1 to 4 wherein 
a capacitive component for voltage/current-converting driving signals is provided 
between said first switching element and second switching element, and 
said driving signals are given as voltage signals corresponding to driving current 
and these driving signals are given to the second switching element by being 
voltage/current-converted by said capacitive component. 

[Claim 6] The picture display device according to claim 5 wherein said driving 
signal is a shape of sawlike wave having the rate of increase corresponding to 
driving current of said display element. 
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[Claim 7] The picture display device according to claims 5 or 6 wherein a fourth 
switching element is provided between said display element and a power source, 
which becomes an inhibition state by selection signals, and connects the display 
element and the power source during non-selecting period. 
[Claim 8] A picture display device comprising: 

a first switching element of which control terminal is connected to a selection 
line Sel, of which one end of terminal to be controlled is connected to one end of a 
display element, to another end of terminal to be controlled of a third switching 
element, and to one end of terminal to be controlled of a second switching element, 
and of which another end of terminal to be controlled is connected to a video signal 
line for giving driving signals; 

a third switching element of which control terminal is connected to a 
selection line and one end of terminal to be controlled is connected to a control 
terminal of a second switching element, and of which another end of terminal to be 
controlled is connected to one end of terminal to be controlled of said first 
switching element, to one end of the display element, and to one end of terminal to 
be controlled of the second switching element; 

a second switching element of which another end of terminal to be controlled 
is connected to an earthing line, and of which one end of terminal to be controlled is 
connected to one end of a display element, to another end of terminal to be 
controlled of the third switching element, and to one end of terminal to be 
controlled of the first switching element; 

a fourth switching element of which control electrode is connected to a 
selection line, and one end of terminal to be controlled is connected to another end 
of display element, and of which another end is connected to a power source line; 
and 

a display element which is driven by these switching elements. 
[Claim 9] A picture display device comprising: 

a first switching element of which control terminal is connected to a selection 
line and one end of terminal to be controlled is connected to one end of capacitor, 
and of which another end of terminal to be controlled is connected to a video signal 
line for giving driving signals; 
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a third switching element of which control terminal is connected to a 
selection line, another end of terminal to be controlled is connected to another end 
of a capacitor, to another end of terminal to be controlled of the fourth switching 
element, and to one end of terminal to be controlled of the second switching 
element, and of which one end of terminal to be controlled is connected to a control 
terminal of the second switching element; 

a second switching element of which another end of terminal to be controlled 
is connected to a power source line, and of which one end of terminal to be 
controlled is connected to another end of terminal to be controlled of the third 
switching element, to another end of a capacitor, and to another end of terminal to e 
controlled of a fourth switching element; 

a fourth switching element of which another end of terminal to be controlled 
is connected to another end of terminal to be controlled of the third switching 
element, to another end of a capacitor, and to one end of terminal to be controlled of 
the second switching element, of which control electrode is connected to a selection 
line, and of which one end of terminal to be controlled is connected to another end 
of display element; and 

a display element of which one end is connected to an earthing line and is 
driven by these switching elements. 

[Claim 10] The picture display device according to any one of claims 1 to 9 wherein 
said first switching element to third element are poly-silicon TFTs. 
[Claim 11] The picture display device according to any one of claims 1 to 10 
wherein said display element is an organic EL element. 

[Claim 12] The picture display device according to any one of claims 1 to 11 

wherein driving signals are input from a video signal line while selection signals are 

being input from said selection line, and a display element is driven during 

non-selecting period. 

[Detailed Description of the Invention] 

[0001] 

[Industrial Field of Application] 

The present invention relates to a picture display device, especially relates to 
a picture display device with high picture quality which is suitable for an organic 
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electroluminescent (EL) display device. 
[0002] 

[Related Art] 

Recently, a display device by using an organic electroluminescent element has 
been developed. When an organic EL element device in which a large number of 
organic EL elements are used is driven by an active matrix circuit, in each EL pixel 
(picture element), a pair of FET (field effect transistor) like a thin film transistor 
(TFT) to control an electric current for supplying to this pixel are connected. That 
is to say, a pair of TFT for bias to send the driving current to the organic EL 
element, and TFT for switch to show whether the TFT for bias should be selected or 
not are connected. 
[0003] 

One example of a circuit diagram of the conventional active matrix type 
organic EL display device is shown in Fig. 17 and Fig. 18. This organic EL 
display device comprises X direction signal lines XI, X2 Y direction signal 
lines Yl, Y2 power source Vdd lines Vddl, Vdd2 TFT transistors for switch 
Tyll, 12, Ty 21, 22 TFT transistors for controlling the electric current Mil, 12, 
M21, 22 organic EL elements EL 110, 120, EL210, 220 condensers Cll, 12, 
C21, 22 an X direction peripheral driving circuit 12, a Y direction peripheral 
driving circuit 13 and the like. 
[0004] 

A pixel is specified by the X direction signal lines XI, X2 and the Y direction 
signal lines Yl, Y2, and the TFT transistors for switch Ty 11, 12 and Ty 21, 22 are 
turned ON in the pixel so that picture data are stored in the condensers for signal 
storage Cll, 12 and C21, 22. Accordingly, the TFT transistors for controlling the 
electric current Mil, 12 and M21, 22 are turned ON, so that the electric current for 
bias in accordance with the picture data is sent to the organic EL elements EL 110, 
120 and EL 210, 220 by the power source lines Vddl and Vdd2, consequently the 
pixel is made to be emitted. 
[0005] 

For example, when a signal in accordance with the picture data is output to 
the X direction signal line XI so that a Y direction scanning signal is output to the 
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Y direction signal line Yl, the TFT transistor for switch Tyll of pixel specified 
thereby is turned ON, the TFT transistor for controlling the electric current Mil is 
made to be conductive by the signal in accordance with the picture data, and light 
emission current in accordance with these picture data is sent to the organic EL 
element 110, consequently light emission is controlled. In this way, in the active 
matrix type EL picture display device comprising a thin film type EL element; a 
TFT transistor for controlling the electric current to control light emission of said 
EL element; a condenser for signal storage which is connected to a gate electrode of 
said TFT transistor for controlling the electric current; a TFT transistor for switch 
to write data into said capacitor and the like per pixel, the light emission intensity 
of EL element is decided by the electric current which is passed in the TFT 
transistor of nonlinear element for controlling light emission current which is 
controlled by voltage stored in a capacitor for signal storage (referring to A66-in 
201pi Electroluminescent Display T. P. Brody. F. C. Luo. et.al. IEEE Trans Electron 
I) evices, Vol. ED-22, No. 9, Sep. 1975, P739P749). 
[0006] 

At this time, it is requested that the capacity of condenser for signal storage 
which is used, should be not more than capacity that a pixel switch TFT transistor 
can be charged with enough electric charges within a minute selecting time, besides, 
should be not less than capacity that deterioration of storage voltage of condenser 
caused by electric charges which are lost until the next writing time by a leak 
current during non-selecting period of this pixel switch TFT transistor does not 
have a bad influence on a picture of display panel. 
[0007] 

By the way, when an optical system for performing the enlarged projection is 
not used because of the visual confirmation, the active matrix type display device is 
required to have angle of field of 4 in. or more. 
[0008] 

It costs greatly to make the display screen of this size on a silicon single 
crystalline substrate, because the number of substrates which can be obtained from 
one single crystalline substrate is very few in the present manufacturing technology 
of single crystalline Si substrate. 
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[0009] 

Accordingly, in the active matrix type display device, it is preferable to use a 
thin film transistor (TFT) wherein a semiconductor layer such as non-single 
crystalline silicon which is formed on a plane substrate such as a glass substrate is 
used. 
[0010] 

By the way, the large-sized semiconductor layer which is formed on the plane 
substrate can be formed comparatively easily so that an amorphous silicon film 
(hereinafter referred to as a-Si film) is generally used. 
[0011] 

However, in the TFT which is formed with the a-Si film, when the electric 
current is continuously sent in one direction regularly, a threshold value is drifted 
so that the current value is varied, consequently variation in the picture quality is 
caused. Besides, the mobility is low in the a-Si film so that the electric current 
which can drive with high-speed response is limited, and it is difficult to form a 
P-channel so that it is also difficult to configurate the small-scaled c-MOS circuit. 
[0012] 

Accordingly, as the semiconductor layer of active matrix type organic EL 
picture display device, it is desirable to use Poly-Silicon by which it is easy to be 
comparatively large-scaled, high reliability and high mobility can be realized, and 
CMOS circuit can be formed. 
[0013] 

By the way, in the TFT which is formed by using a Poly-Silicon layer, the 
trap level density is varied by the number of crystalline grain boundaries in the 
channel, and which affects the characteristic. Accordingly the variation ratio of 
the number of grain boundaries in the channel increases as the channel length or the 
channel width are brought near to a grain diameter of crystal. It causes not only 
increasing the variation ratio of trap level density in the channel, but also increasing 
the characteristic fluctuation of TFT. Increase of this characteristic fluctuation of 
TFT is not desirable because the deterioration of picture quality of display device is 
caused. 
[0014] 
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[Problems that the Invention is to Solve] 

The purpose of the present invention is to eliminate the adverse effect of 
characteristic fluctuation caused by poly-silicon grain diameters and reduce the 
fluctuation of the display surface. 
[0015] 

[Means for Solving the Problems] 

That is to say, the above-mentioned purpose is attained by the following 
configuration. 

(1) A picture display device comprising: 

a second switching element which is connected to a display element and 
directly drives the element; 

a third switching element which becomes in an active state by selection 
signals and connects one terminal to be controlled and a control terminal of said 
second switching element; 

a first switching element which becomes in an active state by the selection 
signals and forms an electrically conductive path to supply driving signals to 
another terminal to be controlled of said second switching element; and 

a driving current storage means for driving said display element wherein a 
self bias circuit is formed with said second switching element and third switching 
element, which gives driving signals corresponding to driving current to the second 
switching element during a selecting period, and 

which holds the signals as an operating voltage of the second switching 
element in accordance with the characteristic of the second switching element 
during a non-selecting period. 

(2) The picture display device according to the above (1) wherein, said display 
element is driven by the current, and emits in accordance with this driving current. 

(3) The picture display device according to the above (1) or (2) wherein said driving 
signals are supplied as current signals in accordance with driving current, and by 
giving the signals to a terminal to be controlled of the second switching element, a 
voltage value which is obtained by the I/V characteristic is held. 

(4) The picture display device according to any one of the above (1) to (3) wherein 
a fourth switching element which is connected to said light emitting element, 
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becomes an inhibition state by selection signals, and connects said light emitting 
element and a power source during a non-selecting period is provided. 

(5) The picture display device according to any one of the above (1) to (4) wherein 
a capacitive component for voltage/current-converting driving signals is provided 
between said first switching element and second switching element, and 

said driving signals are given as voltage signals corresponding to driving current 
and these driving signals are given to the second switching element by being 
voltage/current-converted by said capacitive component. 

(6) The picture display device according to the above (5) wherein said driving 
signal is a shape of sawlike wave having the rate of increase corresponding to 
driving current of said display element. 

(7) The picture display device according to the above (5) or (6) wherein a fourth 
switching element is provided between said display element and a power source, 
which becomes an inhibition state by selection signals, and connects the display 
element and the power source during non-selecting period. 

[0016] 

(8) A picture display device comprising: 

a first switching element Ml of which control terminal is connected to a 
selection line Sel, of which one end of terminal to be controlled is connected to one 
end of a display element, to another end of terminal to be controlled of a third 
switching element M3, and to one end of terminal to be controlled of a second 
switching element M2, and of which another end of terminal to be controlled is 
connected to a video signal line Vid for giving driving signals; 

a third switching element M3 of which control terminal is connected to a 
selection line Sel and one end of terminal to be controlled is connected to a control 
terminal of a second switching element M2, and of which another end of terminal to 
be controlled is connected to one end of terminal to be controlled of said first 
switching element Ml, to one end of the display element Dl, and to one end of 
terminal to be controlled of the second switching element M2; 

a second switching element of which another end of terminal to be controlled 
is connected to an earthing line Vcom, and of which one end of terminal to be 
controlled is connected to one end of a display element Dl, to another end of 
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terminal to be controlled of the third switching element M3, and to one end of 
terminal to be controlled of the first switching element Ml; 

a fourth switching element M4 of which control electrode is connected to a 
selection line Sel, and one end of terminal to be controlled is connected to another 
end of display element Dl, and of which another end is connected to a power source 
line VD; and 

a display element Dl which is driven by these switching elements Ml to M4. 
[0017] 

(9) A picture display device comprising: 

a first switching element Ml of which control terminal is connected to a 
selection line Sel and oije end of terminal to be controlled is connected to one end 
of capacitor CI, and of which another end of terminal to be controlled is connected 
to a video signal line Vid for giving driving signals; 

a third switching element M3 of which control terminal is connected to a 
selection line Sel, another end of terminal to be controlled is connected to another 
end of a capacitor CI, to another end of terminal to be controlled of the fourth 
switching element M4, and to one end of terminal to be controlled of the second 
switching element M2, and of which one end of terminal to be controlled is 
connected to a control terminal of the second switching element M2; 

a second switching element M2 of which another end of terminal to be 
controlled is connected to a power source line VD, and of which one end of 
terminal to be controlled is connected to another end of terminal to be controlled of 
the third switching element M3, to another end of a capacitor CI, and to another 
end of terminal to e controlled of a fourth switching element M4; 

a fourth switching element M4 of which another end of terminal to be 
controlled is connected to another end of terminal to be controlled of the third 
switching element M3, to another end of a capacitor CI, and to one end of terminal 
to be controlled of the second switching element M2, of which control electrode is 
connected to a selection line Sel, and of which one end of terminal to be controlled 
is connected to another end of display element Dl; and 

a display element Dl of which one end is connected to an earthing line Vcom 
and is driven by these switching elements. 
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(10) The picture display device according to any one of the above (1) to (9) wherein 
said first switching element to third element are poly-silicon TFT. 

(11) The picture display device according to any one of the above (1) to (10) 
wherein said display element is an organic electroluminescent element. 

(12) The picture display device according to any one of the above (1) to (11) 
wherein driving signals are input from a video signal line while selection signals are 
being input from said selection line, and a display element is driven during 
non-selecting period. 

[0018] 

Besides, a circuit for driving an active matrix organic light emitting diode is 
described in Japanese Patent Application Laid-open No. Hei 10-319908. However, 
in a circuit configuration of the embodiment disclosed in the Patent Gazette, a gate 
voltage of bias TFT which is needed when the requested electric current is sent is 
sensed and inverting-amplified by an electric current generating circuit which is 
provided outside the pixel, and is stored again in the capacitor in the pixel. A 
sauce follower circuit is used for sensing the current value (claim 2). 
[0019] 

That is to say, because the current value is sensed and inverting-amplified by 
the electric current generating circuit which is provided outside the pixel and is 
stored in the capacitor in the pixel in the above Patent Gazette, the complicated 
sequence of a writing non-selecting interval, a writing selecting interval, and a light 
emitting interval is needed, consequently a timing circuit therefor is needed. 
Besides, a circuit for sensing and inverting-amplifying to provide outside is needed 
so that costs are increased. Also, the non-selecting interval is needed so that the 
light emitting time becomes short, consequently the picture quality is deteriorated. 
[0020] 

On the other hand, in the present invention, a gate of bias TFT is connected to 
a drain, in which a self-bias circuit for inputting the requested current value is 
provided, consequently it is able to omit a sensing and inverting-amplifying circuit 
of the outside. Accordingly, in case of configuration such as embodiments 1, 2, 4 
and 5, the control can be performed by two operations of minute writing time and 
non-writing time. Consequently, long light emitting time with the requested 
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luminance can be obtained, and the display with high luminance and high picture 

quality can be realized. 

[0021] 

Besides, a timing circuit which causes the complicated sequence can be also 
omitted. In the embodiments 3 and 6 of the present application, the same three 
operating situations as those of the generally known embodiment mentioned above 
are needed, however, it is able to omit the sensing and inverting-amplifying circuit. 
[0022] 

[Embodiment mode] A picture display device of the present invention comprises, 
for example as shown in Fig. 1: 

a second switching element M2 which is connected to a display element Dl 
and directly drives the element; 

a third switching element M3 which becomes in an active state by selection 
signals Sel and connects one terminal to be controlled (drain) and a control terminal 
(gate) of said second switching element M2; 

a first switching element Ml which becomes in an active state by the 
selection signals Sel and forms an electrically conductive path to supply driving 
signals to another terminal to be controlled (drain) of said second switching element 
M2; and 

a driving current storage means for driving said display element Dl wherein a 
self bias circuit is formed with said second switching element M2 and third 
switching element M3, which gives driving signals corresponding to driving current 
to the second switching element M2 during a selecting period, and 

which holds the signals as an operating voltage of the second switching 
element M2 in accordance with the characteristic of the second switching element 
M2 during a non-selecting period. 
[0023] 

Besides, preferably, a capacitive component CI for storing driving signals is 
provided between said first switching element Ml and second switching element 
M2, and 

said driving signals are given as voltage signals corresponding to driving 
current and these driving signals are given to the second switching element M2 by 
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being voltage/current-converted by said capacitive component CI. 
[0024] 

Besides, preferably, a fourth switching element M4 is provided between said 
display element Dl and a power source VD, which becomes an inhibition state by 
selection signals Sel, and connects the display element Dl and the power source VD 
during non-selecting period. 
[0025] 

In this way, by having a driving current storage means for giving driving 
signals of current signals corresponding to the driving current to the second 
switching element M2, for storing them as the voltage value which is obtained by 
the I/V characteristic, and for driving said display element during non-selecting 
period, the display element can be driven by constant electric current independently 
with fluctuation of characteristic of the second switching element M2, blurs of 
luminance and displaying can be prevented, consequently displaying with high 
quality and uniformity can be realized. 
[0026] 

The second switching element M2 is provided between the display element 
(generally on the cathode side) and the earthing line, and drives the display element 
by the prescribed current value. In this second switching element M2, by which 
the first switching element Ml and the third switching element M3 become the 
active state, as shown in Fig. 7, a self bias circuit which one terminal to be 
controlled (drain) and a control terminal (gate) are connected or a constant current 
circuit is formed. When the requested electric current IL is sent to it, a voltage Vp 
in accordance with I/V characteristic of switching element is appeared at P point as 
shown in Fig. 8. When the characteristic fluctuation of switching element is 
appeared as shown in Fig. 8, the voltage corresponding to IL is varied to Vp' by a 
different characteristic curve. However, the stored voltage is Vp or Vp' in 
accordance with characteristic thereof, the current value IL corresponding to 
respective ones is regular, consequently the prescribed current IL is sure to be sent 
by the stored Vp or Vp\ 
[0027] 

That is to say, the second switching element M2 stores voltage Vp at P-point 
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as control terminal voltage by which the first switching element Ml and the third 
switching element M3 become the inhibition states. And at this time, the current 
IL in accordance with the control terminal voltage Vp is made to send to the 
terminal to be controlled, consequently the display element Dl is driven by the 
requested current IL. 
[0028] 

In addition, in an example shown in Fig, 1, the fourth switching element M4 
of which control terminal is connected to the selection line Sel is provided between 
the display element Dl and the power source line VD, in order to drive the display 
element Dl only during non-selecting period, and it becomes the inhibition state 
during the selecting period, consequently the power source line VD and the display 
element Dl are cut off. 
[0029] 

Besides, the driving signals are given as the prescribed current signals from 
the video signal line Vid in the example shown in the drawing. 
[0030] 

As the switching element, bipolar transistor and FET (field effect transistor) 
which are used generally can be used, especially a thin film transistor of c-MOS 
type is preferable, 
[0031] 

Hereinafter, one embodiment of a thin film transistor (TFT) is explained 
referring to the drawings. Fig. 9 to Fig. 17 are manufacturing flow sheets of TFT 
which configurates a picture display device of the present invention, especially 
those of TFT for light emitting current driving which sends the driving current of an 
organic EL element. 
[0032] 

(1) As shown in Fig. 9, a quartz substrate, for example, is used as a substrate 101, 
and a Si0 2 film 102 is formed to a thickness of about 100 nm on this substrate 101 
by sputtering. 

[0033] 

(2) Next, an amorphous Silicon (a-Si) layer 103 is formed to a thickness of about 
100 nm on this Si0 2 film 102 by LPCVD method as shown in Fig. 9. The 
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conditions of film formation at this time are as follows: 



Si 2 H 6 gas 100 to 500 SCCM 

He gas 500 SSCM 

Pressure 0.1 to 1 Torr 

Heating temperature 430 to 500 °C 
[0034] 



(3) Next, a heat treating is performed, and this a-Si layer 103 is solid-phase-grown 
into poly-silicon. The conditions of solid phase growth are, for example, as 



follows: 

N 2 1 SLM 

Treating temperature 600 °C 

Treating time 5 to 20 hours 
Subsequently, 

Treating temperature 850 °C 

Treating time 0.5 to 3 hours 



In this way, the a-Si layer 103 can be made to be an active Si layer 103a as shown 

in Fig. 10. In addition, a laser annealing can be performed if necessary. 

[0035] 

(4) Next, as shown in Fig. 12, the poly-silicon layer 103a which has been formed by 
said (3) is patterned in order to form an island. 

[0036] 

(5) Furthermore, as shown in Fig. 11, a gate oxide film 104 is formed on this 
patterned poly-silicon layer 103a. The conditions of forming this gate oxide film 
104 are, for example, as follows: 

H 2 4 SLM 

0 2 10 SLM 

Treating temperature 800 °C 

Treating time 5 hours 

[0037] 

(6) Next, as shown in Fig. 13, a silicon layer 105 to be a gate electrode is formed to 
a thickness of 250 nm on the gate oxide film 104 by the low pressure CVD method. 
The conditions of film formation are, for example, as follows: 
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SiH 4 gas in which PH 3 of 0.1% is contained 200 SCCM 
Treating temperature 640 °C 

Treating time 0.4 hour 

[0038] 

(7) Next, as shown in Fig, 14, a gate electrode 105 and a gate oxide film 104 are 
formed by an etching process according to the prescribed pattern. 

[0039] 

(8) Furthermore, as shown in Fig. 14, by using this gate electrode 105 as a mask, 
source and drain regions 106 and 109 are formed on the portion to be source and 
drain regions by the ion doping method of doping a dopant 107, for example 
phosphorus so as to be self-align for the gate electrode. 

[0040] 

(9) The substrate which includes these elements is treated in an atmosphere of 
nitrogen at 600 °C, for six hours, subsequently, the dopant is activated by being 
furthermore heated at 850 °C for thirty minutes. 

[0041] 

(10) Furthermore, as shown in Fig. 15, a Si0 2 film is formed to a thickness of 400 
nm as an interlayer insulating film 112 on the whole of this substrate by using 
TEOS as a starting material. The conditions of film formation of this Si0 2 film are 
as follows: 

TEOS gas 100 SSCM 

Heating temperature 700 °C 

Or the Si0 2 film is formed by plasma TEOS method under conditions mentioned 
below: 

TEOS gas 10 to 50 SCCM 

0 2 gas 500 SCCM 

Power 50 to 300 W 

Treating temperature 600 °C 

And, after forming this Si0 2 film, for wirings of each electrode, patterning is 
performed according to the required pattern, and then the interlayer insulating film 
112 and the like are formed. 
[0042] 
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(11) The thin film transistor which is formed as mentioned above is furthermore 
heat-treated in an atmosphere of hydrogen at 350 °C for one hour, hydrogenation is 
performed, consequently defect trap density in the semiconductor layer is made to 
be reduced. 

[0043] 

(12) Next, contacts such as drain and source are formed as shown in Fig. 15. 
Contact is performed in the aperture of the insulating film 112. First, a Si0 2 film 
is formed as an interlayer insulating layer by the atmospheric pressure CVD method. 
Next, contact holes are formed by etching the interlayer insulating layer, and 
connecting portions for drain and source are made to open. 

[0044] 

A drain wiring electrode 113 and a source wiring electrode 114 are formed 
respectively on the connecting portions for drain and source which are made to open 
so that they are connected to drain and source electrodes. In this case, any one of 
drain and source electrodes functions as the first electrode or the second one of the 
display element (an organic EL element), or to which it is connected. It is 
connected to ITO (116) of a hole implanting electrode in an example shown in the 
drawing. Furthermore, an insulating film 115 is formed on the drain wiring 
electrode 113, and simultaneously an edge cover for covering the portion except the 
pixel one is formed so that a switching element as shown in Fig. 15 is obtained. 
[0045] 

Besides, for connection with an electrode of display element (an organic EL 
element) such as the hole implanting electrode, it is preferable that a connecting 
metal layer 117 such as TiN is formed between the wiring electrode 114 and the 
hole implanting electrode 116 in order to improve both connection, for example as 
shown in Fig. 114. 
[0046] 

The circuit shown in the embodiment 1 is configurated in each pixel by using 
TFT which is obtained by this method. 
[0047] 

At this time, a channel length and a channel width of each TFT are designed 
as shown in the below: 
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channel length 


channel width 


Ml 


S i j m 


1 S u m 

LCI 11 


M2 


5 (Lim 


30 (Lim 


M3 


20 |nm 


20 jxm 


M4 


6 (uim 


15 (Lim 


[0048] 







It is preferable that gate capacities of Ml, M2 and M4 are small for reducing 
noise at switching as well as for obtaining enough ON/OFF ratio. 
[0049] 

On the other hand, it is preferable that a gate capacity of M3 is large as well 
as has a large L/W for (1) adding enough voltage to EL and holding VDS voltage 
proof, for (2) reducing fluctuation of element characteristic, and for (3) reducing an 
influence of switching noise of Ml, M2 and M4. 
[0050] 

By using TFT which is formed in this way, a driving circuit shown in each 
embodiment mentioned below is configurated. 
[0051] 

<Embodiment 1> 

Fig. 1 is a circuit diagram showing the first situation of a picture display 
device of the present invention. In the drawing, the first switching element Ml, of 
which control terminal (gate) is connected to a selection line Sel, and of which one 
end of terminal to be controlled (drain) is connected to one end of display element 
(cathode), another end of terminal to be controlled (source) of the third switching 
element M3, and one end of terminal to be controlled (drain) of the second 
switching element M2. Besides, another end of terminal to be controlled (source) 
thereof is connected to a video signal line Vid for giving driving signals. 
[0052] 

Besides, a control terminal (gate) of the third switching element M3 is 
connected to the selection line Sel, and one end of terminal to be controlled (drain) 
is connected to a control terminal (gate) of the second switching element M2. 
Also, another end of terminal to be controlled (gate) thereof is the same way as one 
end of terminal to be controlled (drain) of said first switching element Ml. 
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Another end of terminal to be controlled (source) of said second switching element 
is connected to an earthing line Vcom. In addition, the side of one end of terminal 
to be controlled (drain) thereof is the same way as one end of terminal to be 
controlled (drain) of said first switching element Ml. 
[0053] 

Besides, a control electrode (gate) of the fourth switching element M4 is 
connected to the selection line Sel, one end of terminal to be controlled (drain) is 
connected to another end (anode) of the display element Dl, and another end 
(source) thereof is connected to a power source line VD. 
[0054] 

In addition, in this embodiment, switching elements of the first to the fourth 
comprise TFT of c-MOS type, the first switching element Ml is an N-channel, the 
second switching element M2 is an N-channel, the third switching element M3 is an 
N-channel, and the fourth switching element M4 is a P-channel respectively. 
[0055] 

Besides, the power source VD and the earthing line Vcom can supply enough 
electric current for driving the display element, and are connected to other pixels 
(display elements) and a power source circuit which are not shown in the drawing. 
A signal for selecting a display element (pixel) is supplied from the selection line 
Sel. In this embodiment, the display element Dl emits after selecting a pixel. A 
driving signal for driving the display element is supplied from the video signal line 
Vid. This driving signal is supplied as the current signal corresponding to driving 
current for making the display element emit with the requested luminance. The 
pixel emits by this driving signal so that the gradation control and the display color 
control are performed. 
[0056] 

Next, an operation of circuit having such configuration is explained. By 
making the selection line Sel H (high level), the first switching element Ml and the 
third switching element M3 are made to be ON and the fourth switching element 
M4 is made to be OFF. Simultaneously, from the video signal line Vid, the electric 
current which is sent to the display element (the organic EL element) Dl as the 
driving signal is input by the constant current source. 
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[0057] 

At this time, the electric potentials that the first and the third switching 
elements Ml and M3 can obtain enough I on, and the fourth switching element M4 
can obtain enough I off need to be input to each line of the power source line VD, 
the selection line Sel and the earthing line Vcom. However, the video signal line 
Vid is the constant current input at the present time, of which electric potential is 
decided by the element characteristic of the second switching element M2. Each 
electric potential in the present embodiment is as follows: 
Selection line Sel 10V 
Video signal line Vid a maximum of 5V 

Power source line VD 10V 
Earthing line Vcom 5V 
[0058] 

At this time, the load characteristic of the second switching element M2 and 
the constant current source is expressed by Fig. 8-a, and the electric potential of P is 
Vp. When the load characteristic of the third switching element M3 is expressed 
by Fig. 8-b because of fluctuation of element of TFT at this time, the electric 
potential of P is Vp\ 
[0059] 

When the electric current of l\xA is made to be sent in the present 
embodiment, the electric potential of P becomes in the vicinity of 0 to -IV and has 
a various value according to the characteristic of element. 
[0060] 

Next, the first switching element Ml and the third switching element M3 are 
made to be OFF, and the fourth switching element M4 is made to be ON by making 
the selection line Sel L (low level). 
[0061] 

At this time, the electric potentials that the first and the third switching 
elements Ml and M3 can obtain enough I-off, and the fourth switching element M4 
can obtain enough I-on need to be input to each line of the power source line VD, 
the selection line Sel and the earthing line Vcom. The selection line Sel is varied 
to -5V in the present embodiment. 
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[0062] 

By making the third switching element M3 OFF, the gate electric potential of 
the second switching element M2 of Vp mentioned above is held. By the load 
characteristic of the display element Dl and the second switching element M2, the 
second switching element M2 operates in a saturation region, and almost the same 
current value as that of driving signal which is input as mentioned above is sent to 
the display element Dl. And at this time, the resistance of the fourth switching 
element M4 can be left out of consideration because it is enough low compared with 
those of the display element Dl and the second switching element M2. 
[0063] 

Vp at the above P point decides the current to send at this time, in spite of 
being varied by the fluctuation of element, and is sure to send the current of driving 
signal which is input above to the second switching element M2. Accordingly, a 
regular quantity of current value can be sent independently with the fluctuation of 
characteristic of the second switching element M2, and the picture quality can be 
improved. 
[0064] 

<Embodiment 2> 

An embodiment 2 what the embodiment 1 is developed. In case of realizing 
a direct view display of which opposite angle is not less than 4 in., a video signal 
line Vid is led, consequently a parasitic capacity is added. As the resolution of 
panel becomes high, a writing time per pixel is shortened. And then, because of 
the influence of parasitic capacity mentioned above, it becomes difficult that the 
current value to send to each display element is supplied as it is to display element 
of a target. 
[0065] 

Accordingly, as shown in Fig. 2, a capacity CI is provided in series between 
one end of terminal to be controlled of the first switching element Ml and one end 
of terminal to be controlled of the second switching element M2. Besides, driving 
signals for supplying are made to be voltage signals, which are 
voltage/current-converted by this capacity CI into current signals, and are supplied 
to the second switching element M2. The voltage signals are given as the voltage 
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signals corresponding to the driving current, and are supplied from the voltage 
source which generates sawlike wave generally. In addition, generally the 
voltage/current conversion is given as I = AV x C. 
[0066] 

When an rising inclination of sawlike wave voltage is AVr (unit: V/S), the 
current which is sent to the second switching element M2 through CI in the 
selection time is CI x AVr. 
[0067] 

The other components are the same as those of the embodiment 1, accordingly 
the same marks are used to identify the portions corresponding to the same 
components and the explanations are omitted. 
[0068] 

When the circuit and the driving method which are configurated in this way 
are used, the current value mentioned above is a voltage wave, preferably a wave 
which is increased as time passes, specifically sawlike wave, so that the driving 
current can be sent to the second switching element M2 without being influenced by 
the parasitic capacity of video signal line Vid. Consequently, panel size can be 
enlarged, correspond to a large-sized display, and the requested current value can be 
input to each display element even if the resolution becomes high. 
[0069] 

<Embodiment 3> 

An embodiment 3 is what the embodiment 2 is developed. The higher 
resolution becomes, the smaller an area of each pixel becomes, accordingly the ratio 
of circuit parts of TFT and the like which occupies in the pixel becomes high. And 
then, as shown in Fig. 3, a selection TFT which is provided on the side of display 
element, namely the fourth switching element M4 is disused, and another end 
(anode) of display element Dl is directly connected to the power source line VD. 
And then, during the selection time, the electric potential of the power source VD is 
kept lower than that of P point, accordingly the same condition as the OFF 
condition of the fourth switching element M4 of the embodiment 1 is made by the 
diode characteristic which the display element, especially the organic EL element 
has. That is to say, because an inverse bias is applied to the display element, 



22 



especially to the organic EL element, the condition to which the electric current is 
not sent can be made, and the electric potential at P point can be decided in the 
same way as the case of selection of the embodiment 1. 
[0070] 

The other components are the same as those of the embodiment 2, accordingly 
the same marks are used to identify the portions corresponding to the same 
components and the explanations are omitted. 
[0071] 

<Embodiment 4> 

An embodiment 4 is what the embodiment 2 is developed. As the resolution 
becomes high, the first switching element Ml, the fourth switching element M4, and 
the third switching element M3 need switching with high-speed. Accordingly, the 
influence of switching noise therefor is increased. And then, as shown in Fig. 4, a 
capacity C2 is added between a control electrode and another end of electrode to be 
controlled of the second switching element M2 (between gate and source), so that 
the influence of switching noise is reduced. Consequently, the requested electric 
current can be sent to the display element (the organic EL element) accurately in 
spite of high resolution. 
[0072] 

In addition, it is effective that TFT switches of the first switching element Ml, 
the fourth switching element M4 and the third switching element M3 are changed to 
transfer gates which are formed by c-MOS in order to reduce switching noise. In 
this case, because supplying ability as a switch can be improved, and antithetical 
control signals are supplied to switching elements (TFT) which configurate transfer 
gates, switching noises can be killed each other. 
[0073] 

The other components are the same as those of the embodiment 2, accordingly 
the same marks are used to identify the portions corresponding to the same 
components and the explanations are omitted. 
[0074] 

<Embodiment 5> 

An embodiment 5 is what the embodiment 2 is developed. The organic EL 
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element which is used preferably as a display element is deteriorated and its 
efficiency is easy to reduce when a material used in the cathode is exposed to a wet 
process such as photolithography. And then, as shown in Fig. 5, by changing a 
configuration of circuit as shown in the present embodiment, the cathode of the 
organic EL element is made to be common, and separation is disused, so as not to 
be damaged by the wet process. Consequently, the organic EL element with high 
efficiency can be used effectively. 
[0075] 

In the drawings, the first switching element Ml, of which control terminal 
(gate) is connected to the selection line Sel, one end of terminal to be controlled 
(drain) is connected to one end of capacity CI, and another end of terminal to be 
controlled (source) is connected to the video signal line Vid for supplying driving 
signals. 
[0076] 

Besides, a control terminal (gate) of the third switching element M3 is 
connected to the selection line Sel, another end of terminal to be controlled (source) 
is connected to another end of the capacity CI, another end of terminal to be 
controlled (source) of the fourth switching element M4, and one end of terminal to 
be controlled (drain) of the second switching element M2. Also, one end of 
terminal to be controlled (drain) thereof is connected to a control terminal (gate) of 
the second switching element M2. 
[0077] 

Another end of terminal to be controlled (source) of said second switching 
element M2 is connected to the power source line VD, and one end of terminal to be 
controlled (drain) thereof is the same as another end of terminal to be controlled 
(source) of said third switching element M3. 
[0078] 

Besides, a control electrode (gate) of the fourth switching element M4 is 
connected to a selection line Sel, one end of terminal to be controlled (drain) is 
connected to another end of the display element Dl (anode), and another end 
(source) thereof is the same way as another end of terminal to be controlled (source) 
of said third switch element M3. And, one end (cathode) of the display element 
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Dl is connected to the earthing line Vcom. 
[0079] 

Next, an operation of circuit having such configuration is explained. The 
first switching element Ml and the third switching element M3 are made to be ON, 
and the fourth switching element M4 is made to be OFF by which the selection line 
Sel is made to be H. Simultaneously from the video signal line Vid, voltage 
signals corresponding to the electric current to send to the display element (the 
organic EL element) Dl as driving signals are input in the same way as the 
embodiment 2. In this case, a direction of signals is reverse to that of the above 
embodiment 2 mentioned above, that is to say it is the minus side. 
[0080] 

At this time, the electric potentials which the first and the third switching 
elements Ml and M3 can obtain enough I-on, and the fourth switching element M4 
can obtain enough I-off must be input to each line of power source line VD, 
selection line Sel, and earthing line Vcom. However, the video signal line Vid is 
the constant current input, and the electric potential is decided by the element 
characteristic of the second switching element M2. Each electric potential is as 
follows in the present embodiment: 
selection line Sel 10V 
video signal line Vid a minimum of 0V 

power source line VD 10V 
earthing line Vcom -5V 
[0081] 

Next, the first switching element Ml and the third switching element M3 are 
made to be OFF and the fourth switching element M4 is made to be ON by which 
the selection line Sel is made to be L. 
[0082] 

At this time, the electric potentials which the first and the third switching 
elements Ml and M3 can obtain enough I-off, and the fourth switching element M4 
can obtain enough I-on must be input to each line of power source line VD, 
selection line Sel, and earthing line Vcom. The selection line Sel is varied to OV 
in the present embodiment. 
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[0083] 

The gate electric potential Vp of the second switching element M2 is held in 
the same way as the embodiment 2 by which the third switching element M3 is 
made to be OFF. According to the load characteristic of the display element Dl 
and the second switching element M2 at this time, the second switching element M2 
operates in a saturation region, and almost the same current value as that one 
corresponding to the driving signals which are input above is sent to the display 
element Dl. 
[0084] 

<Embodiment 6> 

An embodiment 6 is what the embodiment 5 is developed. As shown in Fig. 
6, the area which circuit parts occupy in pixel can be reduced by reducing the fourth 
switching element M4, namely one TFT, in the same way as the embodiment 3. At 
this time, in the same way as the embodiment 3, the display element, especially the 
organic EL element is made to be inverse bias condition by controlling the value of 
Vcom between selection. 
[0085] 

The other components are the same as those of the embodiment 5, accordingly 
the same marks are used to identify the portions corresponding to the same 
components and the explanations are omitted. 
[0086] 

[Effects of the invention] 

As above mentioned, according to the present invention, the adverse effect of 
characteristic fluctuation caused by poly-silicon grain diameters can be eliminated 
and the fluctuation of the display surface can be reduced. 

[Brief Description of the Drawings] 

Fig. 1 is a circuit diagram showing the first situation of a picture display device of 
the present invention. 

Fig. 2 is a circuit diagram showing the second situation of a picture display device 
of the present invention. 

Fig. 3 is a circuit diagram showing the third situation of a picture display device of 
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the present invention. 

Fig. 4 is a circuit diagram showing the fourth situation of a picture display device of 
the present invention. 

Fig. 5 is a circuit diagram showing the fifth situation of a picture display device of 
the present invention. 

Fig. 6 is a circuit diagram showing the sixth situation of a picture display device of 
the present invention. 

Fig. 7 is an equivalent circuit diagram explaining an operation of the third 
switching element. 

Fig. 8 is a graph showing the I/V characteristic of the third switching element. 

Fig. 9 is a schematic cross sectional view showing one manufacturing process of 

TFT which configurates a picture display device of the present invention. 

Fig. 10 is a schematic cross sectional view showing one manufacturing process of 

TFT which configurates a picture display device of the present invention. 

Fig. 11 is a schematic cross sectional view showing one manufacturing process of 

TFT which configurates a picture display device of the present invention. 

Fig. 12 is a schematic cross sectional view showing one manufacturing process of 

TFT which configurates a picture display device of the present invention. 

Fig. 13 is a schematic cross sectional view showing one manufacturing process of 

TFT which configurates a picture display device of the present invention. 

Fig. 14 is a schematic cross sectional view showing one manufacturing process of 

TFT which configurates a picture display device of the present invention. 

Fig. 15 is a schematic cross sectional view showing one manufacturing process of 

TFT which configurates a picture display device of the present invention. 

Fig. 16 is a schematic cross sectional view showing one manufacturing process of 

TFT which configurates a picture display device of the present invention. 

Fig. 17 is a block configurational diagram showing one example of the conventional 

active matrix type organic EL display device. 

Fig. 18 is a circuit diagram enlarging the A-portion of Fig. 17. 

[Description of the Reference Numerals and Signs] 
Ml the first switching element 
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M2 the second switching element 

M3 the third switching element 

M4 the fourth switching element 

Dl display element 

CI, C2 capacity 

Vid video signal line 

Sel selection line 

VD power source line 

Vcom earthing line 

101 substrate 

102 silicon oxide film 

103 amorphous silicon layer 
103a active layer 

104 gate oxide film 

105 gate electrode 



